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ABSTRACT 
Hydrogen and fuel cell technology is important for the 
sustainable development of energy generation. It can use 
renewable feedstock resources such as water and solar or 
wind energy. The application of platinum nanophase in 
the production of composite electrode enables efficient 
synthesis of hydrogen from water and this is a promising 
new technology. However there are few known studies 
that examine the sustainability of such hydrogen 
technologies. There is therefore a need to study the social, 
economic and ecological impacts of the future hydrogen 
economy. There is less carbon dioxide emissions 
associated with the process. This paper presents work that 
has been done to conduct an environmental assessment of 
platinum nanophase composite electrode use in the 
production of hydrogen from water electrolysis. The 
hydrogen can then be used in fuel cells. 
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1. Introduction 
 
Hydrogen and fuel cell technology are candidates for 
sustainable development of future energy systems. This 
can be enhanced if they use clean input energy from 
renewable energy sources such as solar or wind energy. 
Production of energy using hydrogen fuel cell technology 
faces the challenge that the required input energy can 
easily exceed output energy. Therefore, the use of a 
catalyst such as platinum catalyst plays a major role in 
reducing the Gibbs free energy of activation [1].  
Similarly, platinum electro catalyst aids to efficiently split 
water to hydrogen and oxygen by overcoming the binding 
energy of water molecules during electrolysis.  
Furthermore, to elaborately maximise the catalysis effect 
platinum must be reduced to nanometre size particles. The 
preparation of such particulate material is achieved 
through various elaborated stages including the 
preparation of sub-materials using raw chemical 
compounds. This process is a source of direct and indirect 
greenhouse gas emissions. 
This study scope is limited to assessing the environmental 
aspects of laboratory based production of platinum 
nanophase electro catalysts composite electrodes in South 
Africa focusing on carbon dioxide emissions. The 
Environmental Assessment aims to provide the overall 
carbon footprint of manufacturing such an electrode in a 
laboratory environment.  
 
2. Preparation of the platinum nanophase  
composite electrode 
 
The preparation of the platinum nanophase composite 
electrode is critical to the innovation process and 
successful commercialisation of the hydrogen fuel cell 
technology.  In order to achieve this, high current 
densities would have to be created using low energy 
input. The electrodes would have to work effectively 
using low concentration electrolytes operating at low 
temperatures. This development can also make it feasible 
to use renewable energy sources. These innovations can 
result in the development of platinum composite electrode 
that has a large commercialization potential [2]. 
Nanophase catalysis can also be achieved by use of 
inorganic nanophase support material such as the 
hexagonal mesoporous silica (HMS). The HMS is not 
commercially available and the challenge would be to 
produce it at both laboratory and industry scale. 
Laboratory scale HMS has been developed as shown in 
Figure 1. Tanev et al [4]. The development of this figure 
was done through our own analysis and assessment of the 
published data in an UMBERTO software environment. 
 
There have been some experiments that indicate 
chloroplatinic acid hexahydrate (H2PtCl6.6H2O) solution 
can be a source of platinum. [2] This reacted with HMS to 
form hexagonal mesoporous silica-supported platinum 
material Pt-HMS. This is indicated in Figure 2 based on 
our assessment and analysis of data using UMBERTO. 
The Platinum salts are reduced to form nanophase 
particles on HMS using a solution of 
methanol/formaldehyde and by carbonization with a low 
cost liquefied petroleum gas. [2] 
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 Figure1. Flow of materials in the preparation of HMS material 
 
 
 
Figure2. Flow of materials in the preparation of Pt-HMS 
 
Pt-HMS is then soaked into a sodium hydroxide (NaOH) 
solution to remove HMS matrix by stirring. The resulting 
nanophase platinum composite material can then be 
treated with ultra-pure water and dried in oven at 100°C. 
[2] 
The Platinum nanophase powder is treated to improve its 
nano-physical properties with XRD, TEM and BET 
methods.  It is then dispersed and magnetically stirred in a 
solution of ultra-pure water, isopropanol and 
binder/proton Nafion to form a catalytic ink. [2]  
An analogue order mesoporous carbon nanotube material 
that is carbon-supported platinum nanophase electro 
catalyst (Pt/C) can be prepared with expectation to serve 
as matrix support of order mesoporous to enhance the 
catalytic reactivity of the platinum catalytic ink which 
was coated upon (Figure 3). [5] 
Pt/C nanophase can be prepared through an impregnation-
reduction technique by suspending a treated carbon black 
in the glycol/isopropanol solvent with chloroplatinic acid 
hexahydrate (H2PtCl6·6H2O) as metal precursor and 
sulphuric acid (H2SO4) as pH-regulator. Formaldehyde 
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reduction is then done to ensure the deposition of 
Platinum (Pt) onto the carbon black support material. [5] 
The data from the preparation process [5] was collected, 
assessed and analysed using UMBERTO as shown in 
Figure 3. 
  
 
Figure3. Flow materials in the preparation of Pt/C 
 
Finally, platinum nanophase composite electrode material 
can be formed by carbonisation of reduced/unreduced Pt-
HMS using a low commercial cost LPG with a heating 
rate of 1.67°C/min, from 50 up to 800°C. HMS matrix is 
then removed from the cooled Pt-HMS with NaOH by 
stirring. Subsequently, the platinum nanophase resulting 
powder can be treated with ultra pure water and dried in 
an oven at 100°C and magnetically stirred and dispersed 
in Nafion solution prepared for obtaining a catalytic ink. 
The catalytic ink can be applied by coating upon the 
carbon-supported platinum substrate (Pt/C) as shown in 
Figure 4. [2]  
 
 
Figure 4: Flow-material in the preparation of Pt nanophase electrocatalysts composite electrode 
 
3. Electro activity of the platinum nanophase 
composite electrode  
It has been demonstrated that electro catalysts performed 
at 0°C and 40% KOH does not provide high electro 
activity. Furthermore, it was also demonstrated that below 
an applied potential of 2V, no activation was noted for the 
conductive substrate Pt/C. However, an effective result is 
obtained at 60°C electrolyte with a better screened electro 
activity of about 8.9JmA-1cm-2. The Pt nanophase 
composite electrode attained current densities of 
0.6Acm−2 at an applied potential of −2V performing even 
better than the commercial Johnson Matthey Pt/C catalyst 
achieving only 0.317Acm−2 current density under same 
conditions applied [2]. 
 
4. Environmental assessment 
In general, environmental assessment can be done to 
predict the environmental effects of a proposed initiative 
before it is implemented. The development of platinum 
nanophase composite electrode which had shown a 
positive electro activity to hydrogen production from 
194
water electrolysis had focused on waste reduction and 
upon reuse. However, there was a need to measure the 
total set of greenhouse gas emissions caused by the 
development of the platinum nanophase composite 
electrode as it had been prepared using manufactured raw 
chemical materials and the energy throughout the process 
of manufacturing. 
 
Environmental analyses were developed for each 
composite by determining life cycle inventory and 
balance sheet for carbon footprint calculation. 
Conclusions were drawn after analysis and interpretation 
of the results. Umberto carbon footprint version was used 
to develop flow-material analysis that provided mass 
balance sheets and determined corresponding carbon 
equivalents to each manufactured material. Umberto 
carbon footprint possesses a database of about 4000 
materials with global warming potential (GWP) values 
from eco-invent. 
4.1 Preparation of HMS 
 
HMS is a type of mesoporous molecular sieves 
engendered through hydrogen pathway. Tanev et al [4]. 
Tables 1 and 2 respectively show the balance sheet and 
the carbon equivalent per material per phase in preparing 
HMS.  
The results from Umberto model show that 437.22g of 
waste deionised water can be recycled and used to the 
preparation of Pt-HMS material. Preparation of 9.6g HMS 
is obtained with an equivalent carbon footprint of 3.24 kg 
CO2-eq (Table 2). The highest contribution of about 3.135 
kg (96.75%) CO2-eq came from the use of electricity. 
 
Table 1 
HMS input-output balance sheet
 
 
Table 2 
HMS carbon footprint: total details 
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 4.2  Preparation of Pt-HMS  
 
Tables 3 and 4 respectively show the balance sheet and 
the carbon equivalent per material per process in 
preparing Pt-HMS after running the data using Umberto.  
 
The Umberto results also showed that 833.81g of 
deionised water was collected with option recycled. A 
total of 3.90 kg CO2-eq of carbon footprint was obtained 
for 20.50g Pt-HMS manufactured. The highest 
contribution of about 3.88 kg (98.48%) CO2-eq came 
from the use of electricity. 
 
 
Table 3 
Pt-HMS input-output balance sheet 
 
 
 
Table 4 
Pt-HMS carbon footprint details 
 
4.3 Preparation of the carbon-supported platinum 
nanophase (Pt/C) 
 
Table5 and 6 show respectively the balance sheet and the 
carbon equivalent per material in preparing Pt/C. 
2.72E-04 kg CO2-eq of carbon footprint was obtained for 
0.23g of the carbon-supported platinum nanophase 
material (Pt/C). The major contributing material was 
carbon black. 
 
 
 
. 
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Table 5 
Pt/C input/output balance sheet 
 
 
Table 6 
Pt/C carbon footprint details 
 
 
 
4.4 Preparation of the platinum nanophase electro 
catalysts composite electrode 
 
The flow-material (Figure 4) describes the process.  
 
2.17 kg CO2-eq was emitted for every 334.0 g Pt-
composites electrode manufacturing process. The major 
contributing materials were electricity and carbon black. 
 
Table 7 
Pt nanophase composites electrodes input-output balance sheet 
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Table  
Pt nanophase composites electrode carbon footprint summary 
 
 
 
 Conclusion 
 
As reported by Petrik [2], the preparation of the Platinum 
nanophase composite electrode done has promises. This is 
shown in the extent the measured current densities of 
about 0.6 Acm−2 were superior compared to 0.317Acm−2 
of the commercial Johnson Matthey Pt/C catalyst. Both 
were achieved under the same conditions applied of 60°C 
and 40% KOH electrolyte environment. Furthermore, the 
nanophase catalysts containing thin films were stable and 
durable and able to withstand the very high degree of 
hydrogen gas evolution even at aggressively accelerated 
testing conditions of an applied potential of 6V. 
Nevertheless, there is need to improve the reactivity of the 
electrode in performing in low electrolyte environment 
(0°C), and per consequent lower the energy input. 
 
From our environmental assessment, there is a need to 
improve the process. The overall carbon footprint for the 
preparation of 334.0 g Pt nanophase electro catalysts 
composite electrode is approximately 9.29 kg CO2-eq. 
This was a laboratory scaled preparation. Therefore, the 
need to use sources of energy that pollute less will help in 
scaling up the technology to the industrial production. The 
measures on toxic contamination from raw chemical 
material are also required. A strong emphasis on reuse is 
needed as well. Environmental assessment revealed the 
need to practically identify energy saving possibilities by 
precisely quantifying useful energy for a given 
transformation. The development of such models will 
improve the way nanotechnology can be used in 
sustaining the development of hydrogen and fuel cell 
technology locally. This can improve if the energy used 
can be provided from renewable sources. 
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